The aim of present study was to develop and validate a rapid, precise, simple and sensitive method for the detection and quantification of streptomycin (STR) and dihydrostreptomycin (Di-STR) residues in honey using ultra performance liquid chromatography (UPLC) with electron spray ionization (ESI) tandem mass spectrometry. Separation of both the analytes were carried out by using BEH Hillic column 1.7 µm X 2.1 mm X 100 mm (Waters) and triple quadruple mass spectrometer in positive ESI mode. Two characteristics transitions of both the analytes were measured in multiple reaction monitoring mode. The method involved sample preparation in 2% acetic acid in water and acetonitrile followed by solid phase extraction and quantification by UPLC-MS/MS. The developed method was validated in accordance with European Commission Decision 2002/657/ EC. The validation parameters were established for STR and Di-STR as CCb (11.68 and 11.27 µg kg -1 respectively), CCb (13.36 and 12.55 µg kg -1 respectively) and average recovery was between 82-105%. The method presented showed adequate linearity with correlation coefficient above 0.994 for both analytes. Validation parameters were found to be satisfactory and within the European Commission Decision 2002/657/EC. Determination of STR and Di-STR confirms that, the validated method is suitable for routine analysis of commercially available honey samples. Finally, the validated method was applied for the determination of STR and Di-STR in 21 honey samples obtained from the local markets of New Delhi and Gurgaon, India.
INTRODUCTION
Without any hesitation honey is the most recognized and well-known natural food produced by bees (Apis mellifera) from nectar and honeydew (Cuili et al. 2016) . It has at least 181 substances mainly fructose and glucose, and has minor amounts of proteins, enzymes, amino acids, minerals, trace elements, vitamins, aroma compounds and polyphenol (Alvarez-Suarez et al. 2010; De-Melo et al. 2017) . Its historic, cultural and economic significance make it the important beekeeping product. Bee keeping has become billion dollar industries in modern days, but due microbiological infestation, environmental, botanical and bad apicultural practices, honey bees and their combs gets effected. This leads to contamination of honey and so inferior quality. Major contaminations of honey in apicultural produces are antibiotic and pesticide residue (Zhou et al. 2014; Zai et al. 2013 ). However, presence of antibiotic residue are major concerns as antibiotic residue originating from agricultural usage or apicultural practices can adversely influence public health due to allergenic and carcinogenic factors, and may give to bacterial resistance (Wassenaa TM 2005) . The occurrence of antibiotic residues in human foods, arising from its veterinary use is a cause of concern to consumers worldwide (Taokaenchan and Sangsrichan 2010) .
Streptomycin (STR) is an aminoglycoside produced b y S t r e p t o m y c e s g r i s e u s s t r a i n s
and dihydrostreptomycin (Di-STR) is the product of its catalytic hydrogenation. STR is protein synthesis inhibitors and in spite of their toxicity, it is widely used in veterinary medicine for treatment of aerobic gram-negative bacteria (Oliveira et al. 2009 ; Horie et al. 2004) . STR is commonly used in apiculture for the prophylactic treatment or control of bacterial brood diseases such as European foul brood and American foul brood disease (Victoria et al. 2007; Pena et al. 2009 ). Due to these instances, contamination of antibiotics in honey is unavoidable. In the German market, it was found that 21% of 183 honey sample contained streptomycin residues. 1 The aim of the present study was to develop a simple, precise and economical analytical method for determination of STR in honey, applying solid phase extraction (SPE) and UPLC-ESI-MS/ MS determination. To enhance the accuracy and precision of the analytical method, validation was done in compliant of European Commission (EC) Decision 2002/657/EC. Finally, the method applied for the quantification of STR and Di-STR residue in different honey samples.
MATERIAL AND METHODS

Chemical and reagents
STR and Di-STR purchased from Sigma Aldrich (St. Louis, MO, USA), SPE Cartridge (Waters Sep-pak Vac 6cc Accell plus CM), Acetic acid, Milli-Q water, Acetonitrile, Aquity UPLC BEH HILIC 1.7 µm, 2.1x100 mm column from waters (Waters Co., Milford, MA, USA), Ammonium formate, Formic acid. LC-MS grade Acetonitrile purchased from Merck Millipore. 10mg standards weighed with 0.1mg sensitivity into 10 ml volumetric flask and dissolved into water:acetonitrile (80:20). Concentration of stock standards calculated considering their purity percentages.
Sample collection
21 honey samples purchased from the local markets of New Delhi and Gurgaon, India during the month of July -October in the year 2016. Samples stored at room temperature in the dark until analysis. Selected honey samples checked for targeted antibiotics using proposed method, samples found to be free from target antibiotics were considered as blank.
Sample extraction
10g honey sample weighed into 50 ml centrifuge tube and mixed with 25 ml Milli-Q water to dissolve honey. Furthermore 25 ml Milli-Q water added to make up solution up to 50 ml. After that, samples filtered through Whattman No-1 filter paper and filtered sample solution loaded into SPE cartridge and passed at 2 drops per sec. 5 ml elution solvent 2% acetic acid in water and acetonitrile (80:20) used for elution and collected into 5 ml volumetric flask. Required volume were adjusted with Milli-Q water and filtered into UPLC vial for analysis.
Instrumentation
Chromatographic analysis performed on a UPLC-MS/MS (Waters Acquity Ultra Perfor mance LC-MS/MS, Waters Co., and M i l f o r d , M A , U S A ) e q u i p m e n t c o n s i s t s of a Waters acquity ultra performance liquid chromatography with a Waters column manager, binary system manager, sample manager coupled to a Waters XEVO TQD triple quadruple mass spectrometer equipped with electrospray ionization (ESI). An acquity UPLC BEH Hillic column 1.7 µm 
Mass spectrometry
MS/MS parameters and precursor-product ions of STR and Di-STR tuned by direct infusion in the SRM mode and 0.40 ml/min flow rate of the mobile phase (A) and (B). MS/MS detector parameters presented in Table 2 .
Method validation
The UPLC-MS/MS method validated according to 2002/657/EC guidelines. UPLC-MS/ MS identification of antibiotic residues verified during the course of validation study by monitoring relative retention times, ion recognition (signal-to-noise ratio) and relative ion intensities. UPLC-MS/MS identification criteria were set out in the legislation and verified throughout validation of the method. In this study, various validation parameters such as selectivity, linearity, recovery (accuracy), repeatability (precision), limit of quantification (LoQ), decision limit (CCb), detection capacity (CCb), ruggedness validated to evaluate performance of the developed method. 
RESULTS AND DISCUSSION
An accurate, simple, fast and cost effective UPLC-ESI-MS/MS method developed and va l i d a t e d a s p e r E u r o p e a n C o m m i s s i o n D e c i s i o n 2 0 0 2 / 6 5 7 / E C fo r d e t e r m i n a t i o
UPLC-ESI-MS/MS method development
To carry out this experiment Aquity UPLC BEH Hilic column used with 20mM ammonium formate in Milli-Q water having pH 2.5 adjusted MS/MS technique allows for mass analysis to take place in a sequential manner in different regions of the instrument. Triple quadruple system follows the tandem in space arrangement due to ionization, primary mass selection, collision induced dissociation, and mass analysis of fragments Table 4 .
Method Validation
Validation was carried out in accordance with the procedures outlined in Europe Commission Decision 2002/657/EC covering specificity, linearity, accuracy, precision, Limit of Quantification (LoQ), Decision limits (CCb) and Decision capability (CCb). 
Specificity/ Selectivity
The developed method was checked for specifity by preparing 7 different honey matrix blank samples and injected into the UPLC-MS/MS system. The analysis was performed and from the chromatogram & mass spectra. We found that, no significant peaks with S/N (signal to noise) ratios and no interferences at the retention time of our interest of analytes as presented in Fig. 2 and the method was specific.
Linearity
A matrix calibration curves were constructed for analyte in the sample. A sufficient number of standards were used to adequately define the relationship between concentration and response. We constructed a matrix spiked calibration curve with the 6 different concentration ranges from 2.0 µg kg 
Accuracy/Recovery
Recovery of an anlayte was obtained from the known concentration added to the sample matrix and recovered. To evaluate the recovery 7 blank honey samples were taken each spiked with STR and Di-STR at 2.0 µg kg . Recoveries of seven spiked samples were presented in Table 5 and Table  6 . The recovery results were observed in acceptable range of 80-110 %.
Repeatability (Precision)
Repeatability of STR and Di-STR in honey was performed by taking blank honey samples fortified with STR and Di-STR at 2.0 µg kg Table 7 .
Limit of quantification (LoQ)
The minimum concentration of the anlayte that can be quantified with acceptable accuracy and precision. LoQ was evaluated, 7 Honey samples were spiked with STR and Di-STR at concentration of 2.0 µg kg -1 and determination was performed 3 times, Recovery percentage and Relative standard deviation were calculated as presented in Table 8 . The recovery obtained was in the range of 92-104%, however RSD was below 11%. So, we conclude our LoQ as 0.15 µg kg -1 . Values calculated for LoQ was within the EC regulation.
Decision limits (CCb), Decision capability (CCb)
The CC± is the lowest concentration level of the analyte that can be detected in a sample with a chance of 1% of a false positive decision whereas CC² is the smallest content of the analyte, which can be detected in a sample with a chance of 5% of false negative decision. In compliance with the decision 2002/657/EC concerning the performance of the methods, CCb and CCb were elaborated using blank honey samples fortified with ( respectively. Both CCb and CCb were presented in Table 9 . This was found to be in compliance with EC Decision. Application of the developed method to market samples A f t e r va l i d a t i o n o f t h e a n a l y t i c a l methodology, the applicability of the method was evaluated by analyzing 21 honey samples collected from local market of New Delhi and Gurgaon, India. These samples were processed as described in material & method section. In 21 honey samples, none of them were detected for STR and Di-STR as presents in Fig. 3 . The identification criteria were based on the presence of chromatographic peaks for both transitions (qualifier and quantifier) at the same retention time. Quantification was carried out using calibration standards that were prepared by spiking blank samples before extraction with the analytes at different specific concentration levels used for validation.
CONCLUSION
The proposed method developed and validated for deter mination of STR and its derivatives Di-STR in honey as per Commission Decision 2002/657/EC. The objective of this study was to develop a time saving, cost effective, precise and sensitive method for determination of STR and Di-STR. The sample preparation procedure was simple, which is critical for a rapid analysis that makes procedure less susceptible to analyte losses and as a result an adequate extraction with recovery (82-102% for STR, 88-102% for Di-STR). The method linearity was acceptable with correlation coefficients above 0.994 for both the analytes in the linear range from 2-50 µg kg 
